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© Electrochemical biosensor based on Immobilized enzymes and redox polymers. 

^ The oresent invention relates to an electrochemical enzyme biosensor for use in liquid mixtures of 
f mi^nerf^^^^^ presence of. or measuring the amount of. one or more select component^^^^^^^^ 
SzyrSre^^^^^^^ of the present invention is comprised of an enzyme, an artificial redox compound covalently 
bound to a flexible polymer backbone and an electron collector. 
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ELECTROCHEMICAL BID SENSOR BSED ON IMMOBILIZED ENZYMES AND REDOX POLYMERS 

^ ♦.„„n„«nnr«iates to an enzyme electrode or electrochemical biosensor, which may be u 

oomponsnts » a IknW -"I*"' »' *^ "Tf^^ ^ a«aM lood and Moctomlcsl Industries and In 

componaits In body fluids.. Jo„.rth«H with reference to one particular measurement, the 

These electrochemical bfosensois will be described with measurement of glucose 

«»'«^V'<«''*^^,'''"^^-^^^2Z^>t alecltod. does not occur to any 

shown by The following reaction fbnmula: 

glucose + 02 GO > gluconolactone + H2O2 

,n this reac«on. oxygen is the electron acceptor for g^ose o.da^^ G;ucose '-i^^^^^^^^^^^^^^ 
« to giuconc^actone through the -tjvjcje^^^^^^ electrocSmica. techniques. 

H202. The concentration of Oa and "^^J f!" ^ J^^^^^^^ j^^i^ectly by means of the measurement of Oa 
Whereby it is possible taob^nth^r^^ ^^^^ ,„ measuring 

,=rserl^radX^^^^^ .3y be used to 

- ^JJ^^TZX^:^^'^^^ electrode by the foiiowing 

mechanism, described in Ar»l. Oiem. 56. 667-671 (1984): 

glucose + Mo» glttconolactot* + Mred- 

T.preferredme.aOng^eciesM.av^^b.^^^^ , 3 

rolSaon-TOs predudes the use Of these de^^ ^3„3to, ,3 In 

U.S. Patent No. 4.224.125 discloses ^'^y^^'.'f by being too large to diffuse 

polymeric form in order to ^^'^'^J^^^^^'^'i^Zl^ 1S^^rS^re,iol mediator is reduced by the 
trough a retaining •"^•"''^^"ej"*^ ^"^"^^ of which it is contained. This 

enzyme catalytic pnjcess and ^^^^^^^ ^^^^^^^^ ilr microelectrode applications or 

t sSSdV^cSSible to find a mediator which is relatively insensitive to the presence of interfering 
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""Tr^w^^'SSshed by the present invention wherein the mediatirig species is chemicaJly 
enJrJtS^d reactions in electrode sensing systems. The re*« polymer acts ^^^'^^^JT^^ 

wmgmm^ 

.oiLL mediator compounds such as 10^^^^ , ,„3oluble in 

u, K !L wm«rt rtTa small scale to be used for In vivo concentration measurements. 

transfer to a conventional electrode suff"*' . , characterized by having virtually no 
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''""t7J!T^X:rX:oc^ medla^ng compounds the ability to control the redox p^^^^^^^^ 
over a wide range through substitution of electron donating or withdrawing groups on the cydopen^nyl 
Tnas P^enS substituted ferrocenes include, but are not limited to. 1.l-dimethyHer««ene. vinylfeffocene. 
SJSLySSr^ene. i.i'*Is(hydroxymethyl)fer««ene. carboxyferrocene. ferrocenylmonocarboxyl.c acd. 

' r^SrSlnrr^^^^^^^ a ..oxa^ b.^. ^ .^.e. ferrocene or 

substituted ferrocene mediator compound Is exemplified by the following structural formula: 

CH3 
I 

(CH3)3S1 - 0 - I-Sl - 0 -In -S1(CH3)3 1 
I 

(CH2)2 
I 

wherein Fc is ferrocenyl or substituted fem)cenyl. and n = 10 to 50. with n = approximately 35 being 

« "'^'SJSSr oreferred mediator compounds Include ruthenocene. dibenrene chromium. Ph^nazine and 
nh«^nL 5S!i^es vSogen riboflavin, p-benzoquinone. and naphthaquinone. In general, redox com- 
rur:hi™'<;:Sy attachedte poiymedc bacWK^nes and which have redox potentials in the 
ranna ^5 to 06 V vs. the Saturated Calomel electrode (SCE) are applicable. 

'?het^cene SdVubstltuted ferrocene compounds are particularly applicable, as the ferrocenes can 

" ''^'^ZT:Z!^'^TJZI^^^^^^ or qulno-protem enzymes, in particular 

. /nrrisTdehvdroSnase. Other fiavo-proteln enzymes include aldehyde oxidase 

'^ivo^' IS**"" *• ""^^ P"*!" "«y.<" cartw, 

understood more fully by reference to the following Illustrative examples. 
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Glucose oxjdase/siloxahe'ferrocene polymer 



In the following embodiment of the present Invention the enzyme was glucose oxidase and the polymer 
5 Is a siloxane-ferrocene polymer of formula I above wherein Fc is ferrocenyl and n Is approximately 35. 
• This ferrocene-modified slloxane homopolymer was prepared by the hydrosilylatioh of vinylferrocene 
with poly( methylhydrosiloxane). Under nitrogen atmosphere, poly(methylhydroslloxane) (molecular weight 
2270) was added into toluene solution of an excess amount of vinylferrocene in the presence of 
chloroplatinic abld. The reaction mixture was then heated to the reflux temperature. The reaction was 
70 allowed to continue until the Si-H IR absorption band disappeared, Indicating that all of the starting polymer 
was converted to product. The resulting ferrocene-modified slloxane polymer was purified by reprecipitation 
from a chlorofomn solution via dropwise addition Into a large excess of acetonitrile at room temperature. 
This reprecipitation was repeated until thin layer chromatography showed that no vinyifenrocehe was 
present in the precipitate. 

T6 Referring to the drawings, Fig. 1 shows the structural details of the enzyme electrode of the present 
invention. The enzyme electrode comprises a cylindrical electrode holder 1 of an electrically insulating 
material, an electron collector 2 of carbon fomied In a disc-like configuration and mounted recessed In the 
electrode holder 1. a leading wire 4 connected to the electron collector 2, and a carbon paste 3 containing 
the enzyme-polymer system. The carbon paste was constructed by thoroughly mixing 100 mg of graphite 

20 powder with 1 mg of the ferrocene containing , polymer, the latter being dissolved in chloroform. After 
evaporation of the solvent. 10 mg of glucose oxidase (129,000 unlts/mg) and 20 ul of paraffin oil were 
added, and the resulting mixture blended into a paste. The paste was packed Into a 2 mm deep recess at 
the base of a glass electrode holder (6 mm Inner diameter). For the measurement of the current response 
the reference electrode was a saturated calomel electrode (SCE) and the auxiliary electrode consisted of a 

25 platinum wire. The solutions were debxygenated with nitrogen prior to each experiment. 

In Fig. 2, there is shown a current response curve giving the variation of the cun-ent measured as a. 
function of the concentration of glucose In a pK 7.0 phosphate buffer solution with o:i M KCI added. The: . 
enzyme electrode was connected to a potentiostat and maintained at a constant potential of 400 mV vs. the 
SCE reference electrode. The current produced Is proportional to the glucose concentration. The time for 

30 95% of response Is approximately 2 minutes. 
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Glucose oxidase/slloxiane-ferrocene copolymer 

40 In the following embodiment the enzyme was glucose oxidase and the polymer a copolymer having the 
following structural fomiula: 
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CH3 CH3 
I I 

(CH3)3Si - 0 - I-Sl - 0 -lo • tSl - 0 - Ip - S1(CH3)3 H 

I I 
(CH2)2 
I 

Fc 



wherein Fc is as defined above, the o:p ratio Is approximately 1:2 and o+p Is equal to or greater than 10, 
• with the subunlts being randomly distributed to form a random block copolymer. 

The co-polymer of this embodiment has a lower fenrocene density than the homopolymers of fonmula 1 . 
^ The decreased steric hindrance results In a more flexible polymer with more facile local segmental motion 
to better provide close contact between the ferrocenes and the enzyme redox centers. The experimental 
results, using glucose oxidase/methyl(ferrocenyl ethyl)Odimethyl (1:2) slloxane copolymer showed that the 
increase In current for a specific glucose concentration of 10-^ mol/l was 35 uA. which is an Improvement 
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over the response In Example 1 by approximately a factor of 3. 
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Glycolate oxidase/siloxane-fenrocene polymer 

A platinum wire (diameter: 0.01 inch) was dipcoated witl, fte 
pyamola 1 from a solution of 10 mgAnl. then with glycolate oxidase (30 units/ml in pK 8.3 Tns buffer), rue 
S resX to sodiim glycolate was measured at a potential of 500 mV vs SCE in a solution 
Ssir^TphUh^t^ b^^^^^ M KCl at pH 8.7. The solution was deaerated with N3. Adding 30 mM 

^tife^^ruire:^^^^^^^ ^ave been described, it will be "^st^d; 

that ihe invention is not limited thereto, and that many obvious modificaUons ^ ^ 
mirby those skilled in the art. and that such modifications and variations are Intended to fall within the 
scope of the appended claims. 
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Claims 

1. An enzyme electrode for sensing the presence of at least one component of a mixture of 
PS comoonents. said enzyme electrode comprising: 

25 ^""P*"^"^'^"^^ Ihe catalytic activity of said enzyme being Indicative of said component. 

S^Sl rSox compound acting as an electron transfer mediator between the enzyme ar^d 
electroJ^clSl; sai^riS^ilatorUg covalently attached to an Insoluble, flexible polymer backbone in 

™^ and said medlator-cont.ning polymer b.^ In an 

'•-rreni^reSSj^^s^™^ 

3. ^heTz^me electrode of claim 1. wherein the redox compound is ferrocene or a substrtuted 

*^'TSe enzyme electrode of claim 3. wherein the redox compound is selected from the group consisting 
Of fel;o^ne.7lT^x^ene. carbo^rrocene. vinylferrocene 1.1 -dh^ethylferrocene. ferrocenyl- 

^^C^i^S^^ is a siloxan^. and the redox compound Is covalently attached to the 

40 P°'yj'^^^^|*j;;f^^,3^^g^elaim1. wherein the en^^^ 

t" The anzvme electrode of claim 1. wherein the enzyme Is glycolate oxidase. 

I ^Te erSTet^e of claim 6 for use in a lk,uid mixture, including glucose, to be responsive to 

« r'^'^nzyS^rctrode of claim 7 for use In a liquid mixture, including glycolate. to be responsive to 

r?!re^SrSl'c.rode of claim 8. wherein the polymer backbone Is a sitoxane and the enzyme is 

^r;r^yretrSrr£Tlreln ^ ^y.. .s sllox^. the redox c«npound 

" " " "ofcS: atS^m the e^on collector Is compose, of graphite po^er 

and sySuSr^dase. said polymer and said ferrocene are located on the external surface of said 

graphUe powder^ electrode of claim 11 having a protective membrane pemieable to water and glucose 
"^S: The enzyme electrode of dalm 1 comprising means for Implantation of said enzyme electrode in a 
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human subject. 
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